This paper presents the study on the feasibility of a differentiation of the individual materials using so called dual energy computed tomography. The individual pixels on tomogram are the results of X-ray attenuation penetrating through the sample from different angles of projections. Attenuation is caused by absorption and scattering of radiation. The contribution of these two main mechanisms is dependent on atomic number, electron density, and also the energy of the X-ray photons. The material characteristics may be quantitatively analyzed when the composition in to atomic number or density information is carried out. Therefore, two different X-ray spectra were used by application of filters. The principle of proposed method results in a numerical approach with the associated detector calibration. We tested first the method on the samples of known composition. From the results it was shown that we are able to obtain removal of "beam hardening" and the estimation of material composition. For further more precise determination of materials, the proposed method will be used with the respect to detector acquisition improvement.
Introduction
Conventional X-ray imaging methods in tomographic mode, providing information about the examined object do not characterize it sufficiently. The image interpretation for multicomponent specimens is represented by the differences in a matrix of attenuation coefficients. These differences can be due to differences in the electron density and the atomic number, or their combination. In contrast, differential tomography, referred to as dual energy X-ray method, allows the decomposition of CT image into density and effective atomic number information. The decomposition is performed with the aid of knowledge of physics of X-ray interaction with matter and necessary mathematical apparatus.
X-ray Interaction with Matter
The attenuation of the X-ray with matter is the result of interaction mechanisms, dominated by the photoeffect absorption and Compton scattering. The photoeffect absorption is strongly dependent on the atomic number and density of the specimen being examined. The Compton scattering is a function of the electron density of the material. The linear attenuation coefficient can be expressed as 1) ®ðE; µ;
where ® is the linear attenuation coefficient, µ is the material density, ® m is the mass attenuation coefficient, Z is the atomic number. The k values typically lie between 3 and 4; and l values between 3 and 3.5. For energies less than 150 kV, the Compton scattering is not dependent on energy, E.
Dual Energy Method
Differential tomography, referred to as dual energy X-ray method, consists in processing of at least two tomographic images acquired at two or more various energy levels. This system can be easily solved for monochromatic energy spectra and ideal detectors, but become complex when considering realistic spectra, detector sensitivity, and system nonlinearity.
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Using filters, two different X-ray spectra were applied. In our study we considered the available filter elements with the K-edge discontinuity from the range of 40 to 100 keV since the applied voltage was at that defined range. The thickness of filters: Gd, Sb, Yb, Au, Pt, Cu, Ho, Pb varied from 100 to 250 µm. The used filters with appropriate thickness produces a method to quasi-monochromatize X-ray beams. Figure 1 shows the application of Gd filter on X-ray spectrum. Due to this filtration we optimize the X-ray energy ranges.
As one approach, the system of two integral equations may be set and analytically solved. Since the analytical way is considerably demand on the knowledge of detector efficient and requires the intensive computation, in this study we focused on numerical approach based on the function F(Z) which is monotonic with respect to atomic number. This function as the portion of two linear attenuation coefficients is only dependent on Z.
Before plotting the function, the calibration was carried out for the specific combination of a source, detector, and filters. The ideal function should be derived from as most as possible elements tested. Considering the elements nature and elements availability, the fitness by cubic polynomial function was applied to set up the value for not tested samples.
Results
The measurement was carried out on our developed CT scanner. Figure 2 shows the basic components of arrangement for the experiment. Different combination of filters was applied to our experiment. As the result of the tomographic reconstruction for different samples, Pb and Yb filters provide the best combination for determination of atomic numbers of elements in Z between 20 and 50. For this combination of filters plotting k against Z has the monotonic characteristic.
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In Fig. 3 , the visual interpretation of application of dual energy method is shown. The tomograms obtained by the application of Pb and Yb filters are further decomposited into image providing information about Z. In this illustration, the sample from molybdenum was proceeded to this procedure. The ring artifacts in the images are due to a detector fault.
Conclusion
The results show a rough estimation of the material identification and removal of beam hardening. We encounter the difficulties with small dynamic range and imperfections of detector. The following step will require to compound the images with different exposure and/or develop the monochromator based on multilayers or crystals (Bragg reflection). 
